Czech Republic has a unique experience in greening the roadsides. The changes that were implemented in the early 1990s have had also been incorporated into the roadside landscape in recent years making the Czech Republic one of the forerunners in greening the roadsides. Most of the roadside landscaping designs were inspired from western landscapes comprises mostly of exotic species, which do not reconcile with the environmental conditions of the Czech Republic. The intensive use of exotic species in artificial vegetation, high water requirements for the Czech Republic greenery with water shortages are causing major environmental and ecological challenges. Fortunately, the Czech Republic hosts a unique flora and fauna that show remarkable adjustment to harsh weather conditions. Here we emphasize the use of native plants due to their potential to develop roadside landscapes in water shortage conditions, leading to reduced water usage for roadside landscaping. The preservation of native biodiversity of the Czech Republic will be an added benefit. In this article the main aspects of the Czech Republic roadside landscaping efforts, with the associated water resources using native plants in landscaping, problems in promoting native plants contrast to non-native plants in landscaping and possible solutions are discussed.
Introduction
The Czech Republic is a small country located in the center of the European continent bordered by the countries of Austria, Slovakia, Germany, and Poland, covering an area of 78,867km 2 . 1 Since in the early 1990s, huge development programs are started to gain sustainability. As a part of this national development in Czech Republic enormous resources are utilized for urban landscaping and agricultural development. In the past 20 years not only it has changed incredibly by cutting down on greenhouse gas production and use of natural resources that are very harmful to the environment, but also integrated programs that will help protect the magnificent landscape of the Czech Republic. 2 The Czech Republic has implemented greenery policies on the roadsides as a part of huge development plan that has taken into account in the early 1990s. This artificial construction of a green nature has been cause of many environmental issues also.
Urban roadside landscape developments in Czech Republic
Over a short period of time, by planting both native & non-native plants, roadsides in the Czech Republic have been transformed into green lands. Greening roadsides of the Czech Republic is actually an active material construction of a nature. Moreover, urban roadside landscaping of Czech Republic appears difficult to reconcile with the ecological, social and cultural conditions of the country.
Threats to Czech Republic biodiversity
The roadside trees have been steadily shrinking in the Czech Republic in last few years & causing threats to Czech Republic biodiversity. The impact of this erosion in plant biodiversity has created environmental and socioeconomic problems which subsequently triggered the need of conservation of plant resources. Arnika 3 environmentalist group opposed to the point of some experts who says that roadside trees pose a danger to drivers and can be a cause of accidents and should be removed from along roads or their selected sections at least. According to Arnika, 3 the accidents are not to blame on tree alleys but on drivers' conduct. "Over 217,000 trees have disappeared from a long road since 2003, when the monitoring started, but have been replaced with about 130,000 only. The situation might change to the better from now on. The government has approved a plan of the country's adaptation to climate change, which directly requires systematic planting [of trees] along roads," Arnika 3 wrote. 3 The government of Czech Republic made mandatory the preservation of any existing landscape plantation adjacent to proposed roadway projects. Road improvements including utility locations shall be designed to minimize removal of vegetation including the maintaining of standing trees wherever possible while, designing around them where necessary. The consultants design shall avoid, wherever possible, those habitat areas that support rare, threatened or endangered wildlife species. Republic government continues its efforts in conservation of biodiversity and the protection of endangered plant species in the Czech Republic in order to promote environmental sustainability.
Exotic species for roadside landscaping
Most of the urban roadside landscapes are inspired by western landscape designs primarily focusing on aesthetics. This artificial greenery has introduced many new species in the country. Greening roadsides of Czech Republic depends mostly on imported exotic species. According to Sera B 4 roadside landscapes at Czech Republic comprised primarily of non-native species. Non-native plant species need high maintenance and need substantial support systems to keep them alive. Moreover, these exotic plants are mostly introduced from the temperate and semi-temperate regions to the arid environment of Czech Republic and have high irrigation requirements. The purpose of planting exotic species is to produce more aesthetic and green environment on roadsides. The exotic species may become invasive and become environmental risk. Due to this reason we have to focus the indigenous plants while selecting plants for our roadside landscapes. Native plants have capacity to adapt the hostile arid environmental conditions which is an important factor to select them for landscaping. As native plants are adapted to the local environment they have advantage over exotics plants that they are less likely to become invasive. 5 
Water status & requirements for roadside landscaping
The Czech Republic has the highest consumption of water per capita in Europe, with the domestic consumption of 41 per cent, industrial consumption of 57 per cent & only 2 per cent of water is utilized for different greening projects. 8 Czech Republic has limited fresh water resources with average annual rainfall ranges from 50 to 76centimeters (20 to 30inches) in low-lying areas to over 127centimeters (50inches) in the Krkonoše Mountains.
On an average, the reliable sources of surface water amount to 4796millionm 3 /year while the exploitable groundwater sources can give 1339m 3 /year. After the increase of prices and the restructuring of industrial and agricultural production between 1990 and 1997 there was a significant decrease of water consumption. The specific water consumption of households is now by about 10% below, the average of EU. The sectorial breakdown of water consumption in 1997 is given in Table 1 . It follows from it that the water consumption in agriculture (including irrigation) only represents about 1% of the total water consumption. 9 In the Czech Republic; roadside landscaping sector will face challenges, in terms of irrigation resources. In the Czech Republic, the potential concern related to roadside landscaping is that water requirement is increasing while the groundwater supply is vanishing. The difference between the (incoming) feeding and the (outgoing) consumption of water from the aquifer has resulted in certain issues like, dryness of wells, reduction in ground water recharge. 
Impact of climate change in Czech Republic
The Czech Republic has made tremendous leaps in terms of the sustainability used in the country. Not only has it changed incredibly in the past 20 years by cutting down on greenhouse gas production and use of natural resources that are very harmful to the environment, but it has also integrated programs that will help protect the magnificent landscape of the Czech Republic. 2 Czech Republic emissions intensity, (the level of emissions per unit of economic output) is one of the highest among the mostly richcountry group of the Organization for Economic Co-operation & Development. 10 Czech Republic has started to face the climate change effects in form of extreme weather events and higher temperatures etc. In the Czech Republic such climate change poses great threat to the whole ecology. It is predicted that increase water shortage and decreased agriculture production will affect the tourism thereby revenue source also. Now Czech Republic is determined to take necessary measures to go green and sustainable.
Climate change impacts on water status
Climate change effects on temperature and rainfall can increase water shortage problem of the country. The potential changes to the climate are the cause for a very serious concern to encourage the best planning. The predicted increase in temperature will increase evaporation in the region. Due to this rise in temperature and changes in rainfall the demand for water is going to rise even more.
Microclimate
The climate is the average weather over several years divided into main zones with similar characteristics. Within a particular region, climate can differ from place to place within a few kilometers distance, forming a small scale pattern of climate, and called microclimate. 11
Microclimate modification
Roadside vegetation has a strong relationship with the microclimate. Plants color and surface characteristic act as a neutralizer to the thermal environment. Decrease of air, temperature has been observed during hot summer days in areas with greenery. 12 Air temperature along with greenery is considered to be the most crucial parameter in improving the microclimate due to its multiple benefits. 13 Spangenberg et al. 14 observed a small decrease in temperature for tree-aligned streets (1 o C), but up to 20 o C lower surface temperatures and more than 4 0 C lower mean radiant temperatures.
It can be easily concluded that the higher the ratio of green to build area the greater the air temperature decrease is likely to be in the area. 12 Studies said that the effects of roadside vegetation help reduce effects of urban heat island in Czech Republic. Application of trees having a mix of different vegetation types around the roadside is found to be the most effective strategy in tackling excess heat in urban areas. Roadside vegetation has an adverse benefit not only on the reduction of temperatures around the urban area but from many of the studies, additional benefits are received for user's comforts when traveling around or nearby vegetation.
Sustainable roadside landscape
Sustainable roadside landscaping in general the theory comprises all the environmental, social and economic elements. Sustainable roadside landscape terms as a healthy and strong landscape that is in harmony with native environmental settings containing climate, water, soil and topography. Urban roadside landscapes can significantly improve urban ecological footprint with proper design, careful energy use and plant and material selections. Advocated practices include selecting sites to maximize wildlife habitat preservation and managing storm water on site, preserving and restoring native plant communities. Different studies illustrated the significance of roadside greenery in reducing surplus heat and creating balanced microclimatic conditions in urban areas of Czech Republic. It is recommended that while designing the roadside landscape we should try to mesh with the existing surroundings, linking back to the road area's historic characteristics for additional visual benefits. Cost of maintenance of roadside vegetation in different forms and reduction in air temperature should be explored. Effects of orientation of roadside vegetation should also be analyzed.
Plant selection for roadside landscaping in drought conditions
As there is no saline soils in the country, presently strategies are adopted for sustainable roadside landscaping under adverse drought conditions; engineering the environment by irrigation and drainage management to reduce water loses or by engineering the plants to increase their drought tolerance. Most of the possible solutions are much expensive in term of money, energy and time duration. So long term effective method is the utilizing drought tolerant plant species which can be most feasible and economic solution. Complex mechanisms of a biotic stress resistance in plants make difficult to produce stress tolerant varieties. 15 Plant species should also be screened under localized conditions as in most cases different response is expected. The best way to utilize the degraded land is to domesticate the wild native species rather than to increase the drought tolerance of plant species. One of the successful approach is to select the wild species that have genetic tolerance to drought stress and have some economic and landscape potential.
Native plants in roadside landscaping
There is no universally accepted definition of native plants. The U.S. fish and wildlife service defines native as "with respect to a particular ecosystem, a species that, other than as a result of introduction, historically occurred or currently occurs in that ecosystem", 16 whereas, the U.S. national park service defined native plants as "all species that have occurred or now occur as a result of natural processes on lands designated as units of the national park system. Native species in a place are evolving in concert with each other". 17 Regardless of the variation in terminology, generally native plants usually include plants that are found to occur in distinct natural places without the aid of, or introduction by humans. Naturally, native plants species that have grown accustomed to local climate conditions are the best when designing xeriscape, as they are enabled with high efficiency of water consumption and minimization of maintenance time and cost. Different roadside landscape plant species are mostly considered as drought tolerant based upon anecdotal observations and performance in roadside landscape. During plant selection for a specific sites indigenous species are mostly preferred as drought tolerant by the public. 18, 19 Roadside landscape designs with the maximum use of native or drought tolerant species which require minimal supplemental irrigation after establishment has the potential to outclass the exotic species in roadside landscape. However, species performance is unknown in maintained roadside landscapes. It is also well known that some wild species are more salt tolerant than their cultivated relative's. Scheiber et al., 20 also emphasized on the importance of selecting plant material already adapted to environmental conditions of a landscape. Native plants also assist to restore wild life habitat by providing food, shelter and other ecological parameter and increase the overall biodiversity of a given landscape. 5, 6 Native plants also found to attract and retain greater numbers of natural enemies and are used as habitat management in Biological control. 5, 21, 22 By promoting native plants landscape architects have not only created a vernacular roadside landscape, but also helped to find solutions to rising summer temperatures and excessive use of borrowed water. Native species are also found to be better suited to difficult or unique site conditions. 23 Roadside landscaping with native and indigenous plants due to their water use efficiency and all other associated ecological, cultural and landscape benefits getting importance since last few decades. Native pants are always well adapted to soil climate and environment need less maintenance less use of pesticide and fertilizer.
Usually introduced ornamental plants are difficult to acclimatize, need care and utilize enormous quantities of irrigation water in addition to other production inputs. Contrary native plants are best adapted to local climatic and soil conditions, use of native plants in roadside landscape projects can be highly beneficial in conserving limited resources. Natural roadside landscaping is an opportunity to reestablish and diverse native ecosystem while at the same time provides a natural look to roadsides reflecting the national heritage and culture. As water scarcity problem has reached at alarming level, trend is shifting towards water efficient roadside landscaping. Therefore, use of drought tolerant native plants is getting more attention. 24
Functional benefits associated with native plants
Native plants of Czech Republic have been used in traditional medicine long ago in the Czech Republic but ethnobotanical literature about most of species is rare. Indigenous rangeland grasses are also important sources of feed for grazing cow and goat. These grasses survive with very little water and have excellent adaption to the harsh environment, which make them ideal choices for sustainable forage production, thus reducing the use of scarce fresh water resources.
Native plants can help restoring wild life habitat by providing food, shelter and other ecological processes. Indigenous plants may increase native biodiversity when used to restore degraded habitats. 6 For restoration and preservation purpose, native plants are of vital importance in dealing with the impacts of noxious weeds. Native shrubs and trees have critical importance in the roadsides as they provide shade shelter and habitat for indigenous wildlife. They also have an important cultural association and are aesthetically pleasing in the roadside landscape.
Native plants in Czech Republic roadside landscapes
It is assumed that common people think indigenous plant look shaggy and weedy, [25] [26] [27] which don't seems true in case of Czech Republic. Native plant species including Linden (Czech Republic National tree), Norway maple (Acer platanoides), Sessile oak (Quercus robur), and many other native species are commonly found in lawns of Czech Republic national's houses which showed the interest of Czech Republic people in native plants and also proves the suitability of these plant species in all landscape. To create a sustainable city that promotes comfortable and sustainable transport routes, roadside landscaping projects are need to be implemented & completed by introducing the native plants on large scale. The soft roadside landscape design takes advantage of the native flora, by encouraging the use of native plant species, to reduce water consumption and economize maintenance costs. Adopting the policy of cultivation of native plants that are tolerant to dry conditions to beautify Czech Republic has preserved native plants species that are disappearing due to urbanization. Most of native plants are not only xerophytic in nature but also belong to halophytes which can tolerate high level of salinity. Native plants in the Czech Republic are thought to be a possible biotic solution for water shortage and sustain the roadside landscaping beauty. Indigenous plants are only way to save the future of the green sector in the country.
Native plants of Czech Republic
Fortunately sufficient scientific literature is available on the native plants of Czech Republic because Czech Republic has a long tradition of botanical research. More than two centuries of systematic studies on its flora and almost a century of vegetation research have resulted in a wealth of detailed botanical information. This country is perhaps the only one in the world for which detailed multivolume monographs of both of its flora (the last, ninth volume is under preparation) and vegetation (in four volumes) have recently been published. There are also large databases of records of plant distribution and vegetation plots, which are frequently used in basic and applied research. 7 On the occasion of the centenary of the Czech Botanical Society in 2012, the society published a special issue of its journal Preslia that contained new checklists and Red Lists of the vascular plant flora and bryoflora of this country [28] [29] [30] and review articles dealing with the history of botanical research, 31 general information about vegetation, 32 flora 33 plant invasions 34 and basic overviews of bryoflora 29 and lichen biota. 35 The latest statistics on the Czech flora includes 148 families of vascular plants, 925 genera, 3754 species and subspecies and 618 hybrids. Considering all the taxa ever recorded in the national flora, i.e. including native species & subspecies and extinct natives and hybrid natives, gives totals of 2945 native taxa and indicates that make up 66.9% (Figure 1 ). 7 Czech Republic has habitats which host native species that show unique physiological, behavioral and morphological features to survive under harsh environmental conditions. These features have enabled these species found in the Czech Republic ecosystems to cope with summer and winter temperatures. Summer and winter temperatures are positively correlated and so is summer and winter precipitation. Both temperature and precipitation peak in July. Lowlands are warm and dry, with a mean annual temperature of 8-9.5°C (January mean −2 to 0°C, July mean 18-20°C) and annual precipitation of 400-600 mm. In contrast, the highest areas in the mountains have a mean annual temperature of about 1-2°C (January mean about −7 to −6°C, July mean about 8-10°C) and annual precipitation of 1200-1400mm. 37 Current knowledge about native plants of roadside landscapes in Czech Republic is at primary stages which cause impairment in promoting native plants in roadside landscaping for sustainable greenery, there is a great need to perform more research on this subject. Unfortunately, there is no clear list for total native and indigenous plant species and recommended species for roadside landscaping, which is the great obstacle in promoting the flora of Czech Republic flora for roadside landscaping. Therefore, more efforts have to be done, to establish a database of available recommended flora for roadside landscaping, in order to gain sustainability. 
Species suitable for roadside landscape
During the recent years a strong drive has been raised for intensive use of native plants in the roadside landscaping. Municipal authorities are focusing more on water conservation roadside landscapes in all govt. projects. Hence now roadside landscaping with native plants can be observed in all major road sides and median strip in Czech Republic. Data regarding total projects completed dominated with native plants and their impact on water conservation in city roadside landscape projects is yet to be evaluated.
Czech Republic flora is rarely studied but roadside landscape experts used traditional knowledge of Czech Republic nationals to select plants to use them for roadside landscape projects. Studies are also done in other countries in Europe with similar arid conditions and flora which can be useful. Despite the harsh environmental conditions, Czech Republic have diverse flora having which can be used for all
The impact of roads salting on roadside landscapes
An important part of the influence of traffic on roadside landscaping is the indirect impact of operating and maintaining the roads. In Central Europe, this mainly means salting the roads in winter. Massive use of chemicals (unlike inert spreads) has a negative impact on woods and causes changes in the natural vegetative composition of the road verges. The species sensitive to salt disappear and the more tolerant ones survive. Due to that, the halophytic species propagate in Europe: Puccinellia distans (Weeping Alkaligrass), Spergularia maritima (Media Sandspurry), Plantago maritima (Seaside Plantain), and Cochlearia danica (Danish Scurvey grass). 38, 39 About twenty salttolerant species have been recorded on localities along the roads in the Czech Republic (e.g. Puccinellia distans, Digitaria sanguinalis, Spergularia rubra, etc.). It is a smaller number than in seaside European countries (e.g. in Poland see Wróbel et al. 40 ). Digitaria sanguinalis is an invasive plant. 41 The most important halophytic species of roads is Puccinellia distans, which was found along all road classes. Puccinellia forms single-species lines of 0.25-0.35m width along the asphalt edges and in the divider strips. 40, 42 Road nets are anthropological component in the open landscape, which bring many negative impacts to surrounding nature. Roadside landscapes are responsible for the incorporation and reduction of the negative influences of the traffic. Spreading the weeds and non-native plants along the roads as corridors into the local ecosystems represents a great problem for the natural communities. Roads and highways can encourage the entry of such plant species in four styles: i) Road construction and maintenance (soil movement, mowing, salting, etc.) may have supportive influence on many weeds and some invasive plants.
ii) Roadsides are often planted with non-native, exotic, or invasive woody plant.
iii) Road is a corridor facilitating the spread of invasive plants.
iv) Landscape fragmentation by road net reduces the quality of natural habitat and facilitates the spreading of weeds, exotic and invasive plants into natural communities. 43
Promotion of native plants market
Several reports have been published about trends in native plant markets, customer preference and problems faced by native plants growers and landscape architects. Top concerns included: Propagation, issues of genetic variability, maintenance in landscapes and on restoration sites, cultural and other information, availability of retail quality native plant material, lack of commercially available seeds, and finally, public perceptions that often hinder acceptance of projects that incorporate native plants. 44 Major concerns limiting the Florida native wildflowers market included lack of shared knowledge, concerns about plant material origin and source and seed processing issues and limited seed supply. 45 Most of the native plants growers face much difficulty in seed conditioning, breaking dormancy, testing seed viability, and maintaining seed viability. 44 Most of the native plants grower collect the seed/plants from wild, 46 which can be threat to wild populations and habitats especially in case of rare plants species. Lack of scientific research on propagation techniques is a limiting factor for involvement of nurserymen and other green industry professional in more difficult to propagate species so specific propagation guidelines would be extremely valuable for nurseries and other green industry professionals. 44 For landscape architect non-availability of plants, undefined maintenance requirements and difficulty in selection of plants for a site are the major constraints faced and that may inhibit the use of native plants. 47 Important factors which limit the use of native plants is desired plant species and plant vigor, followed by customers' perceptions of native plant aesthetics. Customer's unfamiliarity with native plant care and limited knowledge about specific native plant use is also the matters of concern. 48,49 Although promotion and adoption of native plant has been slow, customers are willing to buy and plant native species. 50, 51 Demand can be increased much more by educating consumer's nurserymen and landscape designers about native plants. For successful implementation and promotion of native wildflowers and native plant market, education of both professionals and the customers is critical. In addition Woosaree, 52 Meyer 53 and Peppin et al. 54 suggested that educating consumers regarding the use of native plants would bring awareness to the native plant market. Studies should be carried out to develop viable and faster propagation methodologies of native plants. The potential of native plants to be used in landscaping due to their growth habits and their water use efficiency as compared to exotic species and its effect on water sources and ecology is still need to be assessed. All the available landscape plants should be evaluated for their physiological, morphological and horticultural properties to make best use of this hidden natural treasure. To ensure sustainable landscaping we need to identify stress tolerant plants with distinct morphological characters suitable for roadside landscaping. Most of the native plants recommendation seems to be based on anecdotal observations as many of them are not available in the market. Regeneration of native species is not well known and propagation techniques for most of native species are not developed and only few are available in the local market, so recommending native plants in the landscapes without proper production technology may exploit the population in the natural habitat.So before going to commercial plantation, research should be carried out to recommend best suitable technique for the commercial production and recommendation should be made based on that. Educational programs should be started to increase the awareness in the public about native plants and provide technical and scientific information to landscape architects and contractors through nursery catalogs, plant lists etc. This can assist in the selection of suitable plants for landscape designs. Market surveys should be carried out to know the issues and problems faced by the nursery owners, native plants growers and landscape architects regarding native plants.
Conclusion
Roadside landscaping with native plants can be the alternative way for sustainable greenery under extreme conditions with low water with many other ecological and economic benefits. But greening roadside in Czech Republic depends completely on exotic species and irrigation water mostly from nonrenewable ground resources. Excessive use of water for irrigation and increasing population demand can be the reasons of extreme water shortage in Czech Republic in the near future. This water shortage is the limiting factor for the roadside landscaping. Native plants have different qualities due to which they can be used as fodder, medicine, landscaping, afforestation, sand stabilization, wind break and alternative crops in drought and saline conditions, all of which can contribute to sustainable greenery and maintaining specific unique and traditional roadside landscape of Czech Republic. Using native plants will not only reduce water requirement but also the maintenance, fertilizer and pesticide cost of any landscape project. Moreover landscaping with native plants will also conserve the Indigenous flora through utilization. More studies should be carried out to identify best suitable local plants and techniques for their commercial production and recommendation should be made based on that. Educational programs should be started to increase the awareness among the public about native plants and provide info to Roadside Landscape architects and contractors through nursery catalogs, plant lists etc. to help them select suitable plants for their roadside landscape designs. Through this we can improve our roadside landscape plans with maximum utilization of native species so it is more suitable in roadsides and also represent horticultural heritage of Czech Republic. We can make future designs more sustainable and traditional giving a specific identification of national landscape.
